Background. Foods fortified with sodium iron ethylenediaminetetraacetate (NaFeEDTA) have been shown to improve iron status in children, but little is known about the effect of this salt on urinary zinc excretion, particularly in children. This is particularly relevant, since zinc deficiency is known to limit growth and development in young children.
Introduction
Iron deficiency is one of the most common causes of anemia in Indian children [1] . Fortification is one way to increase dietary iron intake, particularly in children [2] , and sodium iron ethylenediaminetetraacetate (NaFeEDTA) is thought to be a promising fortificant in foods with high phytic acid content [3] . EDTA is a strong metal chelator, and there are concerns that NaFeEDTA may potentially impair the metabolism of other nutritionally essential minerals either by decreasing their absorption or by increasing their urinary losses [4] . Although the majority of EDTA is lost via the alimentary tract, a small fraction (~5%) is absorbed [5] . The absorbed EDTA in turn may bind to other free metal ions and be excreted in the urine. For instance, EDTA has shown to have a higher affinity for zinc than for other metal ions, which could lead to increased urinary zinc loss [6] . Increased urinary zinc excretion in children may lead to a zinc-deficiency state, which in turn could affect their normal growth and development [7] . This interaction of NaFeEDTA with urinary zinc excretion in children has not been previously studied, even though NaFeEDTA has been shown to be a promising candidate for iron fortification of wheat flour, which could be used in school-based feeding programs. Therefore, this study aimed to investigate whether the long-term consumption of NaFeEDTA-fortified wheat flour, provided as a lunch meal, would increase urinary zinc excretion in school-age children.
Subjects and methods
This study was part of a randomized, controlled trial investigating the effect of NaFeEDTA-fortified wheat flour on iron status in iron-depleted schoolchildren from urban Bangalore, India. The protocol of the study was approved by the Ethical Committee at St. John's National Academy of Health Sciences, Bangalore. Informed, written consent was obtained from the parents of the children, and oral consent was obtained from the children. After baseline screening, children aged 6 to 13 years were selected into the study based on their iron status as iron depleted (serum ferritin [SF] < 20 µg/L) and/or iron deficient soluble transferrin receptor [sTfR] > 7.6 mg/L) and randomized into two groups: an iron group that received a lunch meal made with NaFeEDTA-fortified wheat flour (wheat flour-based chapathi, poori, or dosa), which was fortified at the level of 6 mg iron/100 g (n = 86), and a control group that received an identical but unfortified meal (n = 93) for a period of 7 months. The amount of EDTA ingested in the fortified group was 31 mg/day. At the end of the study, blood hemoglobin, SF, sTfR, C-reactive protein, and urinary zinc concentrations were measured in the study children.
Blood samples were collected from the children by venipuncture in EDTA and plain vacutainers (Franklin Lakes). Hemoglobin was analyzed on a hematology analyzer (Beckman Coulter). Serum and plasma samples were separated by centrifugation at 3,500 rpm for 10 minutes, and aliquots were frozen at -80°C until analysis. SF was measured by electrochemiluminescence (Elecsys 2010, Roche Diagnostics) and sTfR by immunoturbidimetry (Hitachi-902, Roche Diagnostics). C-reactive protein was measured by immunoturbidimetry (Hitachi-902, Roche Diagnostics) to rule out subclinical infections. Spot urine samples were collected at the end of the study in acid-washed containers and stored at -80ºC until analysis. Urinary zinc was measured by flame atomic absorption spectrophotometry (Thermo Scientific) [8] . Briefly, urine samples were centrifuged to remove solid particles, and the supernatant was diluted with 0.2% nitric acid. The zinc in the sample was emulsified with a drop of 1% triton X-100 (Sigma). This sample was then aspirated into an acetylene flame, and measured at 213.9 nm. Zinc standards (Merck) ranging from 0.2 to 0.8 mg/L was used to create calibration curves. The intra-and interassay coefficients of variance were 1% and 1.4%, respectively.
The results are presented as means ± SD. Continuous variables that were not normally distributed were log transformed and reported as medians (25th and 75th percentiles). The independent t-test or the Mann-Whitney U test was used to compare the means between groups, as appropriate. Differences were considered significant if p < .05. Analyses were performed with SPSS statistical software, version 18.0.
Results
At the end of the study, the mean age of the children was 10.5 ± 2.4 and 10.3 ± 2.8 years in the iron and control groups, respectively. The sexes were almost equally represented, with 52% and 58% boys in the iron and control groups, respectively. The mean height was 136.5 ± 14.1 and 134.6 ± 15.4 cm, and the mean weight was 29.2 ± 8.9 and 27.9 ± 8.7 kg in the iron and control groups, respectively. Biochemical measurements at the end of the study are presented in table 1. Hemoglobin and SF concentrations were significantly higher in the iron group than in the control group at the end of the study (p < .01), indicating the efficacy of the fortified wheat flour. However, there was no significant difference between the iron and control groups in median urinary zinc concentration at the end of the study: 38.4 µg/dL (18.2-67.1 µg/dL) and 33.1 µg/dL (12.4-54.2 µg/ dL), respectively.
Discussion
We found no significant difference in urinary zinc excretion between iron-depleted children receiving a NaFeEDTA-fortified meal for a period of 7 months and a control group receiving an identical meal with no added iron. This suggests that NaFeEDTA-fortified food probably does not adversely affect zinc excretion in children who are receiving it. Moreover, increased urinary zinc loss was not observed, since the level of EDTA used for fortification was within the limit proposed by the Joint Expert Committee on Food Additives guidelines for NaFeEDTA [9] .
To the best of our knowledge, no other studies have investigated the effect of NaFeEDTA on urinary zinc excretion in children. However, a study in women aged NaFeEDTA fortification and urinary zinc excretion 23 to 49 years measured zinc absorption and excretion using a stable isotope technique and chemical balance method. These women were fed bread rolls fortified with 5 mg of either NaFeEDTA or ferrous sulfate, and urinary zinc excretion in the NaFeEDTAfortified group was significantly higher (p < .001) [10] . However it might not be justified to compare these results with ours, because the study was carried out in an adult population whose zinc requirements and absorption and excretion rates differ from those of young children. A Kenyan trial assessed the effect of NaFeEDTA on zinc absorption in children when given in low (2.8 mg/100g) and high (5.6 mg/100 g) doses [11] . There was a decrease in plasma zinc concentration in both groups when compared with baseline values, but it was not clear if this was due to NaFeEDTA [10] .
Equally, although the present study showed no change in urinary zinc excretion due to the EDTA salt, it is possible that the EDTA may have been excreted as a complex with other trace metal ions, such as calcium, copper, iron, lead, and magnesium [12] and could have affected their status. However, we did not measure these ions in the urine or serum.
One limitation of our study is that, because baseline urine samples were not available, it was not possible to estimate the change in urinary zinc excretion over the course of the intervention, which would have added value to this study. This study was intended to assess urinary zinc excretion as such and not zinc status. Nevertheless, this study provides a first insight into the effect of NaFeEDTA on zinc excretion in children. Further studies are required to clearly establish the influence of NaFeEDTA on nutritionally essential minerals, especially in children. Fortification of food with NaFeEDTA at a level of 6 mg of iron/day did not increase urinary zinc excretion and thus may be considered safe at this level.
